Neuropsychological theories have proposed a critical role for the interaction between the medial temporal lobe and the neocortex in the formation of long-term memory for facts and events, which has often been tested by learning of a series of paired words or figures in humans. We have examined neural mechanisms underlying the memory ''consolidation'' process by single-unit recording and molecular biological methods in an animal model of a visual pair-association task in monkeys. In our previous studies, we found that long-term associative representations of visual objects are acquired through learning in the neural network of the anterior inferior temporal (IT) cortex. In this article, we propose the hypothesis that limbic neurons undergo rapid modification of synaptic connectivity and provide backward signals that guide the reorganization of neocortical neural circuits. Two experiments tested this hypothesis: (1) we examined the role of the backward connections from the medial temporal lobe to the IT cortex by injecting ibotenic acid into the entorhinal and perirhinal cortices, which provided massive backward projections ipsilaterally to the IT cortex. We found that the limbic lesion disrupted the associative code of the IT neurons between the paired associates, without impairing the visual response to each stimulus. (2) We then tested the first half of this hypothesis by detecting the expression of immediate-early genes in the monkey temporal cortex. We found specific expression of zif268 during the learning of a new set of paired associates in the pair-association task, most intensively in area 36 of the perirhinal cortex. All these results with the visual pair-association task support our hypothesis and demonstrate that the consolidation process, which was first proposed on the basis of clinico-psychological evidence, can now be examined in primates using neurophysiolocical and molecular biological approaches. ᭧ 1998 Academic Press Key Words: memory consolidation; inferior temporal cortex; perirhinal cortex; pair association; ibotenic acid; immediate-early genes; transcription factor; zif268.
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The cerebral cortex is organized so that hierarchically different subareas communicate by forward and backward neuronal projections (Van Essen et al., 1992) . Neuropsychological studies have proposed that the backward connections from the medial temporal lobe to the neocortices play a role in the formation of long-term memory for facts and events (declarative memory) (Mishkin, 1982; Squire, 1987) . Behaviorally, the declarative memory has often been tested by learning of a series of paired words or figures in humans (Squire,
